Objectives: To investigate cardiorespiratory and inflammatory responses in male workers following exposure to welding fumes and airborne particles in actual workplace conditions. Materials and Methods: We measured blood leukocytes and their differential counts, platelet count, hemoglobin, sensitive C-reactive protein, fibrinogen, E-selectin, IL-(interleukin)1β, IL-6, IL-8, tumor necrosis factor alpha (TNF-α) and endothelin-1 in blood samples of twenty workers before and after their working day. We also studied peak expiratory flow (PEF), forced expiratory volume in one second (FEV 1 ), and exhaled nitric oxide (NO). We assessed heart rate variability (HRV) by obtaining 24-hour ambulatory electrocardiograms. Results: The total blood leukocytes and neutrophils increased after the work shift, whereas IL-1β and E-selectin decreased significantly. There were no statistically significant changes in exhaled NO, FEV 1 , PEF or HRV. Conclusion: Occupational exposure to welding fumes and particles caused a slight, acute inflammatory effect estimated based on the increased values of leukocytes and neutrophils in blood and a decrease in the interleukin 1β and E-selectin values, but no changes in the pulmonary function (exhaled NO, FEV 1 , PEF) or HRV during the working day were observed.
investigated mechanisms has been the effect of fine particles on autonomic nervous activity. For instance, the association between the mean heart rate variability (HRV) and exposure to welding fumes have been studied [13, 14] . Another line of research has focused on investigating the possible association between particulate air matter and acute systemic inflammatory responses. Such investigations have also been performed in relation to welding [13, 15, 16] . More recently, acute effects of welding fume exposure on vascular function have also been studied [14, 16] .
The above-mentioned studies on the mechanisms responsible for cardiorespiratory effects have all been carried out in laboratory environments. Therefore, the results may not be applicable in actual workplace conditions. The present study of 20 subjects investigated the possible effects on the hematological, systemic inflammatory, respiratory and cardiac parameters of exposure to welding fumes and airborne particles in metal workers in welding halls.
MATERIALS AND METHODS

Study design and study subjects
This study comprised twenty metal workers who worked in two large plants operating in the metal construction industry. They were exposed to mild steel welding fumes and to dusts and fumes generated from grinding mild steel plates or pieces in large-scale industry halls. Metal inert gas (MIG), metal active gas (MAG), and flux cored arc welding (FCAW) were the main types of welding processes carried out at the plants. Five of the subjects used modern fresh air face shields during the exposure measurements. Each study subject filled in a questionnaire concerning work and exposure history, smoking habits, as well as lung and cardiovascular disease history. The study started on a Monday, so that each subject had at least a two-day break from welding before being tested. Venous blood samples were taken before and at the end of the work shift (8 hours after baseline sampling). Baseline peak expiratory flow
INTRODUCTION
Welding is the most widely used technology for joining metals and alloys. The most common welding processes are manual metal arc welding, gas metal arc welding, flux cored arc welding, gas tungsten arc welding, plasma arc welding, and submerged arc welding. Welding processes produce fumes consisting of gaseous and aerosol by-products composed of metals, metal oxides and volatilized chemical species from the base metals, welding electrode, or flux material [1] . Welding generates individual ultrafine particles (particles smaller than 100 nm) that rapidly form larger chain-like aggregates in the fine particle size range. Mild steel welding generates fumes which are composed of 80% or more iron, some manganese, but no chromium or nickel. Fumes from stainless steel welding contain 20% of chromium and 10% of nickel [2] . Fume formation depends on the welding process, electrode composition, welding alloy and arc voltage used [1] . The typical welder's breathing zone fume concentration is between 1 and 5 mg/m 3 [3, 4] . Despite some improvement in the working conditions and welders' use of respiratory protective equipment, such as motorized respirators, workers are still exposed to fumes produced by co-workers, when they themselves perform tasks other than welding. The pulmonary health effects related to the exposure to welding fumes including chronic bronchitis, pneumonia, metal fume fever, and lung function changes are gene rally well-known [3, 5] . However, a growing concern for cardiovascular health effects has emerged, as several studies have reported an increased mortality risk of ischemic heart disease among welders [2, [6] [7] [8] [9] . Similar adverse cardiorespiratory effects have been associated with fine particulate air pollution [10] [11] [12] . Subsequently, it has been suggested that although welding fumes are of primary interest as workplace exposures, they might also serve as a model representing ambient air particulate pollution [13] . The underlying mechanisms responsible for these cardiorespiratory effects are largely unknown. One of the
